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SHEET SEPARATOR FOR AN AUTOMATIC DOCUMENT 

FEEDER 

BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The invention relates to a sheet separator for an automatic document feeder, 

and more particularly to a sheet separator using two friction rollers to separate a 
sheet from a stack and then feed the sheet. 

Description of the Related Art 

An automatic document feeder may be used in an image input/output 

10 apparatus such as a scanner, a multi-function peripheral, a copier, or a printer. In 
order to feed the sheets one by one, the automatic document feeder must be 
equipped with a sheet separator so as to avoid error operations of feeding multiple 
sheets simultaneously. 

FIG. 1 is a schematic side view showing a sheet separator for a conventional 

15 automatic document feeder. FIG. 2 is a schematic front view showing the sheet 
separator for the automatic document feeder (ADF) of FIG. 1. As shown in FIGS. 
1 and 2, an ideal design of the conventional sheet separator is ideally configured 
to feed a plurality of sheets 120 one by one. The sheet separator includes a friciion 
roller (also referred to as ADF roller) .110, and a friction pad 1 1 2 rotatable about a 

20 shaft 114. When the sheet 120 has not been fed, the friction pad 112 is always in 
contact with the stationary or rotating friction roller 110 and is thus worn out. 
When the outmost sheet 120 of FIG. 1 passes between the friction pad 112 and the 
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friction roller 110, the sheet under the outmost sheet 120 may be stopped by the 
friction pad 112, and the sheet-separating operation may be achieved. 

However, the sheet separator in the above-mentioned prior art has the 
following problems. 

5 1 . Since the friction pad 112 and the friction roller 1 10 are directly in sliding 

friction contact, the friction pad 112 and the friction roller 110 tend to be worn out, 
and the friction pad 112 that is somewhat worn out tends to cause errors in sheet- 
separating operations. 

2. Since the friction pad 112 and the friction roller 110 are in sliding contact 
10 with each other, a motor has to provide a larger torque to drive the friction roller 
110. 

FIG. 3 is a schematic side view showing another sheet separator for a 
conventional automatic document feeder. FIGS. 4 A and 4B are a pictorial view 
and a side view showing the friction roller of FIG. 3, respectively. As shown in 

15 FIGS. 3, 4A and 4B, the sheet separator includes a separating roller 200 and a 
friction roller 210. The separating roller 200 is driven to rotate by a second shaft 
202, and drives the friction roller 210 to rotate using the friction force. When a 
sheet 230 enters the path between the two rollers, the friction roller 210 does not 
rotate to stop other sheets from entering the path. At this time, the sheet 230 can 

20 slide relative to the friction roller 210, but cannot slide relative to the separating 
roller 200. The above-mentioned phenomenon is caused by the special design for 
the friction roller 210. The friction roller 210 is composed of a hollow column 211, 
a spring 212, a friction plate 213, a fixing member 214 and two C-rings 215. 
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The two C-rings 215 are fastened to two ends of a first shaft 220 to provide 
a compression force to the spring 212 along an axial direction of the first shaft 
220, and thus to provide a friction force to the friction surface 216 between the 
friction plate 213 and the fixing member 214, thereby stopping the rotation of the 
5 hollow column 21 1 fixed to the fixing member 214. 

In the above-mentioned prior art, since the pushing mechanism constituted 
by a lot of parts between the two C-rings 215 is difficult to be manufactured and 
assembled, the manufacturing and assembling costs cannot be effectively reduced. 
In addition, the C-rings 215 have to additionally exert an axial compression force 
10 on the first shaft 220 of the friction roller 210, thereby complicating the design. 

Consequently, it is an important subject of the invention to provide a sheet 
separator capable of overcoming the above-mentioned problems. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide a sheet separator capable 

1 5 of separating an outmost sheet from a stack. 

Another object of the invention is to provide a sheet separator capable of 
effectively reducing wear and saving a power output for an automatic document 
feeder equipped with the sheet separator. 

In order to achieve the above objects, the invention provides a sheet 
20 separator for an automatic document feeder. The sheet separator includes a 
separating roller, a friction roller, a first shaft, and a force-applying mechanism. 
The sheet separator for the automatic document feeder is used to separately feed a 
first sheet and a second sheet adjacent to the first sheet. The separating roller is 
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driven to rotate by a driving device. The friction roller has a first rotating state, in 
which the friction roller is driven by the separating roller, a second rotating state, 
in which the friction roller is driven by the second sheet, and a stationary state. In 
the stationary state of the friction roller, the separating roller directly feeds the 
5 first sheet, and the friction roller pushes the second sheet toward the first sheet 
such that the first sheet slides on the second sheet. The first shaft is inserted into 
the friction roller to provide a damping torque for stopping the rotation of the 
friction roller. The force-applying mechanism pushes the separating roller and the 
friction roller against each other. 
10 According to the above-mentioned structure, it is possible to reduce the 

wear between the separating roller and the friction roller, and to reduce the torque 
loss caused by the wear. In addition, according to two states of the friction roller, 
it is possible to prevent multiple sheets from being fed simultaneously. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 FIG. 1 is a schematic side view showing a sheet separator for a conventional 

automatic document feeder. 

FIG. 2 is a schematic front view showing the sheet separator for the 
automatic document feeder of FIG. 1. 

FIG. 3 is a schematic side view showing a sheet separator for another 
20 conventional automatic document feeder. 

FIG. 4A is a pictorial view showing the friction roller of FIG. 3. 

FIG. 4B is a side view showing the friction roller of FIG. 3. 

FIG. 5 is a schematic side view showing a sheet separator for an automatic 



03P010-US 



document feeder according to a first embodiment of the invention. 

FIG. 6 is a schematic front view showing the sheet separator for the 
automatic document feeder of FIG. 5. 

FIG. 7 is a partially enlarged view showing the sheet separator of FIG. 5 5 
5 which is feeding and separating two sheets. 

FIG. 8 is a partially enlarged view showing the sheet separator of FIG. 5, 
which is feeding one sheet. 

FIG. 9 is a schematic side view showing a sheet separator for an automatic 
document feeder according to a second embodiment of the invention. 
10 FIG. 10 is a schematic front view showing the sheet separator for the 

automatic document feeder of FIG. 9. 

FIG. 1 1 is a schematic front view showing a sheet separator for an automatic 
document feeder according to a third embodiment of the invention. 

FIG. 12 is a schematic front view showing a sheet separator for an 
15 automatic document feeder according to a fourth embodiment of the invention. 

FIG. 13 is a cross-sectional view showing the friction roller of the invention. 

FIG. 14 is a 3-D exploded view showing the friction roller of the invention. 

FIG. 15 is a pictorial view showing a friction roller and a brake mechanism 
according to a fifth embodiment of the invention. 
20 FIG. 16 is a 3-D exploded view of FIG. 15. 

DETAILED DESCRIPTION OF THE INVENTION 

A sheet separator for an automatic document feeder of the invention may be 

used in an image input/output apparatus such as a scanner, a multi-function 
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peripheral, a copier, or a printer. 

FIG. 5 is a schematic side view showing a sheet separator for an automatic 
document feeder according to a first embodiment of the invention. FIG. 6 is a 
schematic front view showing the sheet separator for the automatic document 
5 feeder of FIG. 5. Referring to FIGS. 5 and 6, the sheet separator for the automatic 
document feeder of this embodiment includes a separating roller 1, a friction 
roller 2, a first shaft 3, and a spring (also referred to as a force-applying 
mechanism) 7. The first shaft 3 is a stationary shaft. The separating roller 1 is 
fixed to a second shaft 4, which is directly or indirectly driven by a driving device 

10 such as a motor 5. The sheet separator of this embodiment may be used to 
separate and feed a plurality of sheets. For the sake of simplicity, instead of a 
stack of sheets, a first sheet 6A and a second sheet 6B are illustrated in this 
invention. In addition to feeding one sheet, the condition of feeding two sheets 
can surely occur at last no matter how many the sheets are. 

15 The sheets 6A and 6B are located between the separating roller 1 and the 

friction roller 2. During the sheet-feeding operation, the friction roller 2 has three 
states including a first rotating state, a second rotating state, and a stationary state, 
which will be described hereinbelow with reference to FIGS. 7 and 8. 

When the sheet 6A or 6B has not been fed through the path between the 

20 separating roller 1 and the friction roller 2, the friction roller 2 is in the first 
rotating state. The separating roller 1 in contact with the friction roller 2 drives the 
friction roller 2 to rotate. At this time, the friction between the separating roller 1 
and the friction roller 2 is rolling friction, so no detrition is caused. 
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When the first sheet 6A is fed through the path between the separating roller 
1 and the friction roller 2, the second sheet 6B is fed into the path between the 
first sheet 6A and the friction roller 2, as shown in FIG. 7. In the embodiment, the 
friction coefficient between the separating roller 1 and the first sheet 6A is greater 
5 than that between the first sheet 6A and the second sheet 6B, and the driving 
torque caused by the second sheet 6B against the friction roller 2 is smaller than 
the damping torque, which is caused by the first shaft 3 against the friction roller 2 
in order to stop the rotation of the friction roller 2. Consequently, the separating 
roller 1 directly moves the first sheet 6A, and the second sheet 6B and the friction 
10 roller 2 are motionless to cause the first sheet 6 A to slide relative to the second 
sheet 6B. 

At this time, the friction between the separating roller 1 and the first sheet 
6A is rolling friction, and the friction roller 2 and the second sheet 6B have no 
relative motion, so no detrition is caused. 

1 5 The first shaft 3 may be always kept stationary, but it also may provide the 

damping torque for stopping the rotation of the friction roller 2 if it rotates. The 
damping torque may be caused by the friction force or magnetic drag force 
between the first shaft 3 and the friction roller 2. Therefore, in addition to 
controlling the friction coefficient between the first shaft 3 and the friction roller 2, 

20 the normal force between the first shaft 3 and the friction roller 2 also has to be 
well controlled. 

In this embodiment, two springs 7 are adopted to push the first shaft 3 up so 
as to provide a normal force between the separating roller 1 and the sheet, the 
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sheet and the friction roller 2, and the first shaft 3 and the friction roller 2. 

In order to make the friction roller 2 rotate when it contacts the separating 
roller 1, the driving torque caused by the friction coefficient between the friction 
roller 2 and the separating roller 1 must be greater than the damping torque 
5 between the friction roller 2 and the first shaft 3. 

After the first sheet 6A is fed, the separating roller 1 and the friction roller 2 
directly feed the second sheet 6B 3 as shown in FIG. 8. At this time, the separating 
roller 1 utilizes the friction force between it and the second sheet 6B to move the 
second sheet 6B, and the second sheet 6B utilizes the friction force between it and 

10 the friction roller 2 to rotate the friction roller 2. The driving torque caused by the 
second sheet 6B against the friction roller 2 must be configured such that it is 
greater than the damping torque caused by the first shaft 3 against the friction 
roller 2. In this situation, there is no relative sliding motion between the separating 
roller 1 and the sheet, and there is also no relative slide motion between the 

15 friction roller 2 and the sheet. Thus, the detrition of the friction roller may be 
reduced. 

FIG. 9 is a schematic side view showing a sheet separator for an automatic 
document feeder according to a second embodiment of the invention. FIG. 10 is a 
schematic front view showing the sheet separator for the automatic document 
20 feeder of FIG. 9. As shown in FIGS. 9 and 10, the friction roller 2 of this 
embodiment is located above the separating roller 1 , the bottommost sheet 6 A is 
first separated and fed. The second embodiment is similar to the first embodiment 
except for some differences, which will be described hereinbelow. The first 
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embodiment has a resilient mechanism that utilizes a resilient force to push the 
separating roller 1 against the friction roller 2, while the second embodiment has a 
gravity mechanism that utilizes the gravity to push the separating roller 1 against 
the friction roller 2. The gravity mechanism includes two counterbalances 8 fixed 
5 to the first shaft 3. In other embodiments, the number of counterbalance(s) 8 may 
be one, and the counterbalances 8 also may be fixed to the friction roller 2. 
Alternatively, the gravity mechanism also may be created using the gravity forces 
of the friction roller 2 and the first shaft 3. 

FIG. 1 1 is a schematic front view showing a sheet separator for an automatic 

10 document feeder according to a third embodiment of the invention. This 
embodiment is similar to the first embodiment, but differs from the first 
embodiment in that this embodiment utilizes a magnetic force from a magnetic 
mechanism to push the separating roller 1 against the friction roller 2. The 
magnetic mechanism includes two magnets 9, and the first shaft 3 is made of a 

15 magnetic material and attracted by the magnets 9 to push the friction roller 2 
toward the separating roller 1. 

FIG. 12 is a schematic front view showing a sheet separator for an 
automatic document feeder according to a fourth embodiment of the invention. 
This embodiment is similar to the third embodiment, but differs form the third 

20 embodiment in that a magnetic mechanism of this embodiment includes a 
stationary first magnet 10 and a second magnet 1 1 attached to the first shaft 3. The 
first magnet 10 repels the second magnet 11 to push the friction roller 2 toward 
the separating roller 1 . One of ordinary skill in the art may easily understand that 
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other configurations also may be used to make the first magnet 10 attract the 
second magnet 1 1 to push the friction roller 2 toward the separating roller 1 . 

FIG. 13 is a cross-sectional view showing the friction roller of the invention. 
FIG. 14 is 3-D exploded view showing the friction roller of the invention. As 
5 shown in FIGS. 13 and 14 ? the friction roller 2 includes an outer column 21 and an 
inner column 22. An outer surface of the outer column 21 is usually coated with a 
layer of rubber material and is formed with a first hole 27, the inner column 22 is 
formed with a second hole 28 to fit with the first shaft 3, and the inner column 22 
is arranged within the first hole 27 of the outer column 21. The inner column 22 

10 and the first hole 27 may have circular or rectangular cross sections as long as 
their cross sections may fit with each other. The inner column 22 includes a first 
column 23 and a second column 24. The second column 24 is connected to the 
first column 23, and the inner column 22 is fixed to the outer column 21 through 
the first column 23. For example, a keyway 32 of the outer column 21 may be fit 

1 5 with a slot 3 1 of the first column 23 . 

The inner column 22 is formed with a long slot 25, which extends along an 
axial direction of the first shaft 3 and communicates with the second hole 28. The 
friction roller 2 further includes a resilient member 29, which may be a helical 
spring or an elastic ring. The inner column 22 is fit with the resilient member 29 

20 and is shrunk to contact the first shaft 3, thereby generating the damping torque. 

In other embodiments, it is also possible to utilize an outward expanding 
force of the hollow first shaft 3 to generate the damping torque. In the 
embodiment, the hollow first shaft is formed with a slit, and the first shaft is 
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compressed to reduce its outer diameter. Then, the first shaft is fit into the hole of 
the friction roller to provide the torque for the friction roller by the outward 
expanding force of the first shaft. 

FIG. 15 is a pictorial view showing a friction roller and a brake mechanism 
5 according to a fifth embodiment of the invention. FIG. 16 is a3-D exploded view 
of FIG. 15. Referring to FIGS. 15 and 16, the sheet separator in the embodiment 
further includes a brake mechanism 50. The brake mechanism 50 includes a 
support 52 and two elastic sleeves 51, and the support 52 is formed with two holes 
53 and gaps 54 communicating with the holes 53. The elastic sleeves 51 provides 
1 0 the damping torque for the first shaft 3 fit therein so as to brake the friction roller 
2 and implement the above-mentioned sheet-separation operation. 

Consequently, the first shaft 3 of the invention is inserted into the friction 
roller 2 to provide a damping torque for stopping the rotation of the friction roller 
2, wherein the first shaft 3 and the friction roller 2 are kept stationary or rotatable 
1 5 relative to each other. 

According to the above-mentioned embodiment, the invention has the 
following advantages. 

1 . Since no relative sliding motion is caused between the separating roller 1 
and the sheet and between the friction roller 2 and the sheet, the detrition of the 

20 separating roller 1 and the friction roller 2 may be reduced, the torque loss of the 
system may be reduced, and the scanning speed may be increased. 

2. Using the friction roller 2 to stop the sheet may stabilize the sheet- 
separating operation. 
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3. Using the damping force caused between the friction roller 2 and the first 
shaft 3 to stop the rotation of the friction roller 2 may effectively reduce the 
design parameters and provide more stable operation conditions. 

4. Using the damping force caused between the first shaft 3 and the support 
5 52 to stop the rotation of the friction roller may reduce the dimension of the 

friction roller and save the arrangement space accordingly. 

While the invention has been described by way of examples and in terms of 
preferred embodiments, it is to be understood that the invention is not limited to 
the disclosed embodiments. To the contrary, it is intended to cover various 
10 modifications. Therefore, the scope of the appended claims should be accorded 
the broadest interpretation so as to encompass all such modifications. 
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